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ABSTRACT
‘ - GANDALF (General Alpha Numeric Direct Access Library

Facility) is an information retrieval system designed and implemented
at the University of New Mexico for the purposes of retrieving
abstracts from large abstract data bases, such as the ERIC system.
Previous batch-process information retrieval systems for use with the
ERIC data base have been extremely slow, and thus expensive of
computer time. Gandalf uses the user request to produce a list of
addresses within the overall data base, so that only a small subset

of the material is selected, and processing of unreferenced material
is avoided. Furtherinore, since GANDALF was designed to be used by
persons with little or no computer experience, an attempt has bean
made to make the request statements as simple to use as possible. In
ccmparisons runs, GANDALF was from ten to forty times as fast as
QUERY (the currently available ERIC search system) in real time, and
‘four to 77 times as fast in computer time. (Author/RH)
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REFACE

The following is a portion of an in-depth report describing
GANDALF. Those persons desiring more information are invited

to contact the authors or:

Jonathan D. Embry

Director, Computer Services
SouthkWest Research Associates
212 Bryn Mawr NE

Albuquerque, New Mexico 27106

Our thanks to Prcfescor Don Morrison, kilt Byrum, Ken Frieden~
back and the staff of the U.N.M. Computing Center and the

' College of Education.



INTRODUCTTON

GANDALF (General Afphﬁﬁumeriﬁ Qi}ett Neccess Library
Facility) is an information retfieval system desigre. and
implemented at the University of New Mexico (UNH1) for the
purpose of retrieving abstracts from large abstract dota
bases, such as the ERIC (Education Resource Information
Clearinghouse) systam.

The initial interest in working with the retriuQal of
selected information from large scale data bases the size
of the ERIC system began after observing the large quantity
~of computer time being used by a retrieval prograr. QUERY,
provided by the U.S. Office of Education in conjunction
with the tRIC data base of apbroximately 75,000 abstracis
on an IBM 350/67.

Upon éxamination of QUERY, it was noted that «lthough
‘the abstracts were stored on direct access devices {four
IBM 2314 disk packs) %he .search process was sequential
with no use of any type of 1ndexeé; Thus, the'basic nrob-
1em‘wés determined: the data base had outgrown its access
method. 7

| It was d;cided that if an access method 1ike GANDALF
was to Be developed, ft,woqu be far'hore effective if
1t;fhc1uded "modularity" as a principal featurer Thisi

T

mddh1arity feature would give GANDALF the ability to access




a wide variety of data bases (including any set of wachine
readable records, generally in narrative or natural-lanquage
format, such as ERIC files and CHEMISTRY ABSTRACTS)Y with a
minimal amount of modificatﬁon. Sections of this
paper‘discuss those modules and how thev interface. Section
| desc?ibes the current status of implementation and
future additions being considered'to improve and extend
GANDALF.
ThQJEeaéon for having compﬁters process these kinds of
+  data baées is the heed to select a comparativelv sﬁa]l
aroup of records from a very 1arge data bese. GANDAL? was
designed to be used by people with 1ittle or no pfior
computer experience, fhevonly user requirements being that
the uﬁer have knowledge of his needs and tHe contents of
the data base beinn used. The se1ect10n'critckion, which
is called a REQUEST, is written with one o? ﬁdre KEYWORDS
that the desired elements of the data base contain or
log cally relate to. For example, a REQUEST for the author
J. Smith is actually a request for that set of records in
the data base that cohtain the character string 'J.SHITH'
ir the author field. A KEYNORD, then, can be any character
string that could be used to reference é record, such as'4:
COMPUTER ASSISTED INSTRUCTION; ENGLISH(SECOND LANGUAGE),‘

and so on.
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ERIC

Aruitoxt provided by Eic:

references are made to techniques and DEOCOSSes {(such o

reverse Polish notation and rocursive programming) with

~which the reader may not be familiar. Iﬁ.this situation

arises, the reader is referred to the literature as a
source of background information. The wuthors are avail-
able for any type of additional assistance which may be

desired.



OVERVICW- OF GANDALF PLS TGN,

The goals of the GAND&LF pFoject woere to produce an
information retrieval syStem Wifh the fellowing charac-
teristics: 1) a user-oriented request larauage which'wﬁuid
assist users in retrieving information and minimize wuser
' iaconvenience and frustration; and 2) a systenm whfch pould
take advantage of third-generation equipment, especially
direct access technidues, to process requests as efficientiv
as possible.

The user orientation was achieved by desigring a new
rétrieYa] language that will be described later. »The
general philosophy was to eliminate as many artificial
constraints as possible in 1hput format and at the same time
to allow the production of comp1e§ terms and expressions.
The second objective was to reduce the large émounts of com-
puter time spent processing extensive narrative format
data bases such as the ERIC files. {See Figure 1) The
“second objective was achieved by designing GANDALF to
build a number of indexes fhat are used in conjunction with
a user REQUEST (a se]ectioh criterion written with one or
more KEYWORDS which the desired elements of the data: base
confain or to which they logically relate) to produce a list
of addresses that point to records in the main data base

that relate to that REQUEST. These addresses are then used

1
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to directjy retrieve only those records wolistfving 'nat
REQUEST without having to process unveferenced matoriacl in
the data base. |

~The indexes built can be thought of as saries of indey
1eVe15 (see Figure 2)7where an element in one level points *to
'a'related group of efeﬁents in the rext level. A KEVUNRD
at the first level is5 processed by a version of Don Morvrisar's
PATRICIA algorithm to yield a unique number, called a
PATRICIA NUMBER. The PATRICIA“NUMBER points intc an IMDIREC]
POINTER TABLE which has two elements fgr-eachtPATRICIﬁ
NUMBER, one to be uéedlif the KEYWORD is considered a primary
term, that is, if it is expeﬁted to be the primary subiect.
author, etc., the other to bé used if the K[YHORh is. a
secondary term. The PATRICIA NUMBER is also used as a pointer
into én occurences table which has a primary and secondary
entry for each member; this table describes how many times
‘each KEYWORD occurs. Each element of the INDIRECT POTNTER
TABLE points to a ]1st of elements in the DIRECT POINTER
FILE. The items of a_pavticu1ar Tist point directly to
records in the main data Hnu@ which contain that ELyHoRD,

Then, any complex Boolean relation specitied for a sot of
~ : ‘ ' ‘

KEYWORDS may be eva1uted by‘performing the appropriate
Boolean operations on the lists which are associated with
the different KEYWORDS. The lists are built so that the

elements are in strict ascending sequence, with a special
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code indicating the end of a list. The fnb]ean‘nperntiuns
AHU,O0R, and LUT NOT essentially consist of mevging two
or more of these lists together. The resu1tiﬁg 1ist can be
used tc directly access the'records that satisfy that
Booclean expression.

The index building process {(see Figure 3) is performed
6ncé initially and then reneated everv time the data base
is updated (quarterly for ERIC). The KEYSEP program builds
é key-reference file for each occurrence of each keyword.
Each recordjcontains a keyword.aé'we11 as a DIRECT POINTER
that points to the abﬁtract that contains the KEYWORD.
After being sorted alphabetically by KEYWORD, this file is
used by PNTBLD. PNTBLD uses the new key-reference file
merged wjth the key-reference file from the previous update
to build the‘permanent DIRECT POINTER FILE and a temporary
key-frequency file. The DIRECT POINTER FILE is a direct
access file containing 1ists of DIRECT POINKTERS. The
key-frequency file has one record for cach unique KLYWORD.
Each record cohtains the KEYWORD, énd for the primary and.
secondary levels, contains the number of oécurrénces of that
KEYHORD and INDIRECT POINTERS that:point to the corresponding
Tists in fHe DIRECT"PQfNTER FILE. After the kéy;freduency'\///
file is sorted by frequency, it is used by PATBLD to build

~ the PATRICIA tables._.Sjnce‘the}records gbihg fnto PATBLD have

unfque KEYNORDS, the.PATRICIA“tabTéfcanlbe broken up into

several independent segments. This allows the size of a

Q ‘ ' B
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seqment to be a functicn of the amount of cofe‘avai]ab1e;

since only one segment need be in - ~ 2t any one time.
sorting by frequency of occur ces that the first
segment w 11 contain the most 1. .., .. tly occurring KEYWORDS.

The underlying assumption is that most REQUESTS will be for
frequently occurring kEYwORDS énd can bhe satisfied by
Tooking on the first few séghents‘instead of the entire table.
A further improvement on.this idea is to include fkeduenCy of
usage as well as occurrenbe as the sorting criterion. Even

if the above assumption is invalidated completely, resu]ts
would probably be no worse than if the table was built
randomly. Thus, to the extent that requests are consistent
with previous requests and the data base, the time required to

look up a request will be reduced acbording]y.



The retrieval program (see Figure 4) compiles a
number of requests into scveral tables. Presently, requests
are submitted in a batch mode on cards, with the future
possibi1ity of using interactive termina.s or remote equip-
ment remaining open.

Each unique KEYWORD occurring in a series bf requests
is added to a temporary VOCABULARY created for each run, For
each KEYWORD in the VOCABULARY; an entry is made in a DIRECT-
ORY indicating position, type‘and length of the KEYWORD. Simul-
taheous1y, a POLISH STRING is created, specifying the Bod1ean
operations to be performed. For each KEYWORD'in the VQCABULARY,
a PATRICIA NUMBER 1is found using the previéus1y built PATRICIA
vTABLES. The PATRICIA‘NUMBER is used as an index into the IN-
DIRECT POINTER TABLE which yields a pointer to a list in the
DIRECT POINTER FILE and into the‘ocgﬁrrénce table which gives
the Tength of that Tist. The Boolean operations specified in
the POLISH STRING are then performed on the Tists that corre-
spond to the original KEYWORDS in the REQUEST. The resultant
Tist of record addresses is then entered into a queue of records
to be printed._!ﬂﬁgheyer the main data basevcan‘be made avail-
able to the computer,'the actual references can be printed (see
Figﬁre 5). The only parts of the system that are 1ﬁvo1ved with
the actual format or stdrage method of thé main data base are
the key séparating program (KEYSEP) and,the‘fina1 print'pro—
gram [GPRINT), so that differently formatted data.bases such-as

NASA abstracts, CHEM abstracts, dnd MARC recofds‘from the
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Library of Congress could all be processed by GPTDALF in
their or1c1nal format by modifyina those two re]ai1vo1y §1mp1@

pleces of code; thus enhancing the flexibility of th cystom




SOUTHWEST RESEARCH ASSOCIATES
‘ P.O. Box 4092
Albuquerque, New Mexico 87106.

T0: Or. Don Mor: ‘son

FROM: Jock Embry
SUBJECT: Timing tests on GANDALF September 20, 1972

Last Saturday I ran three ERIC Searches in order to compare the d1fferent times
required by QUERY (the current production program) and GANDALF. Following is a
summary of the results. For each search, four times are shown. The first is the

time -for the initial run. For QUTRY this is the time to execute a simple program

that breaks the request into different jobs for each disk. For GANDALF it is the
actual execution of GANDALF; that is, all processing necessary to produce preliminary.:
reports and generate disk addresses of requested abstracts. The other three 1ines for
each search correspond to the time required to process each disk. For QUERY, that

is the -time to actually process and complete a search. For GANDALF it is the time to
simply retrieve and print the requested abstracts. Since v1rtua11y no work has been
done on tuning and- improving the GANDALF print program, those times can probably

be improved considerably. Times are reported as wall clock time in m1nutes (CPU

time in seconds).

QUERY ~ GANDALF
Search 1 78 ( .3 ) .99 ( 3.57)
disk 1 15.40 ( 70.38) .90 (12.78)
disk 2 14.15 ¢ 55.19)* 1.23 (18.32)
disk 3 13.88 ( 60.62) .96 (10.96)
Total. - 43.69% (186,58) 4,08 (45.63)
Search 2 - 26- (0 .40) 1.05 ( 5.08) exceeded 100 hits
disk 1 ~ . 15.98 (134.86)** 0 ( 0 )
disk 2 16.74 (142.78)** 0 (-0 )
~disk 3 14.73 (1717.57 )** 0 ( 0 )
Total 47.71’ (395.61) 1.05 ( 5.08)
Search 3 - .28 ( .42) 1.12 (12.73)
disk 1 13.83 (279.95) _ 0 ( 0 )
disk 2 ‘ 13.81 (205.06)* -0 ( 0 )
disk 3 10.10 (246.99) .93 ( 4.63)
Total =~ 38.02 (726.42) 2.05 (17.36)

* abended due to disk I/0 errors .
**% cancelled because of excess1ve output

“From these samples it appears GANDALF is ten to forty times as fast as QUERY in
wall clock time and four to seventy seven times as fast in CPU time. Since the
final results were the same in each case, I think we have fulfilled our goal of
producing a more efficient retrieval system for the ERIC f11es

cc: Dr. Bell

Mick McMahan
Steve Baca .

" a consortium for educational advancement







